Introduction: The increasing use of endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) cytology to examine pancreatic neoplasms has led to an increase in the diagnosis of metastases to the pancreas. Renal cell carcinoma (RCC) is the most common metastasis to the pancreas. Our study examines 33 cases of metastatic RCC to the pancreas sampled by EUS-FNA from four large tertiary care hospitals. Materials and Methods: We searched the cytopathology database for RCC metastatic to the pancreas diagnosed by EUS-FNA from January 2005 to January 2015. Patient age, history of RCC, nephrectomy history, follow-up postnephrectomy, radiological impression, and EUS-FNA cytologic diagnosis were reviewed. Results: Thirty-three patients were identified. The average age was 67.5 years (range, 49-84 years). Thirty-two patients had a previous documented history of RCC. One patient had the diagnosis of pancreatic metastasis at the same time of the kidney biopsy. Thirty-one patients had been treated with nephrectomy. Twenty-seven patients were being monitored annually by computed tomography or magnetic resonance imaging. Twenty-five patients had multiple masses by imaging, but 8 patients had a single mass in the pancreas at the time of EUS-FNA. EUS-FNA of 20 cases showed classic morphology of RCC. Thirteen cases had either "atypical" clinical-radiologic features or morphologic overlaps with primary pancreatic neoplasms or other neoplasms. Cell blocks were made on all 13 cases and immunochemical stains confirmed the diagnosis. Conclusions: EUS-FNA cytology is useful for the diagnosis of metastatic RCC to the pancreas. Cytomorphology can be aided with patient history, imaging analyses, cell blocks, and immunochemical stains. 
INTRODUCTION
Pancreatic metastases from other primary sites are uncommon and account for only 2% of pancreatic malignancies. [1] [2] [3] [4] [5] Nevertheless, a wide range of malignant neoplasms has been found to metastasize to the pancreas. [6] [7] [8] [9] [10] Among these, renal cell carcinoma (RCC) is the most common metastasis to the pancreas. [10] [11] [12] Pancreatic metastases are often asymptomatic. [3] Due to the increasing use of imaging modalities, such as computed tomography (CT) and magnetic resonance imaging (MRI), pancreatic metastases are often detected during surveillance after resection of the primary tumor or as an incidental finding during a work-up for an unrelated condition. [13] [14] [15] Although the most common presentation of pancreatic metastases is that of a widespread disease, some patients do present with a single potentially resectable pancreatic mass. [10] Furthermore, metastatic RCC to the pancreas usually appears as hypervascular lesions on CT/MRI and may often mimic primary pancreatic tumors, such as pancreatic neuroendocrine tumors (PNETs). Thus, the accurate diagnosis of a metastatic RCC is important for clinical management. [15] Endoscopic ultrasonography-guided fine needle aspiration (EUS-FNA) cytology is widely used to evaluate solid and cystic pancreatic lesions preoperatively. [16] EUS-FNA cytology has been shown to be accurate in diagnosing pancreatic metastases. [6] [7] [8] [9] [10] [17] [18] [19] [20] [21] [22] [23] However, current literature regarding EUS-FNA cytology of metastatic RCC to the pancreas is limited with mostly case reports or small case series. [11, [24] [25] [26] [27] Therefore, we studied a large series of metastatic RCC to the pancreas diagnosed by EUS-FNA cytology from four academic tertiary medical centers. We evaluated sonographic characteristics and cytologic features to determine if EUS-FNA cytology is an accurate tool to diagnose metastatic RCC.
MATERIALS AND METHODS
Institutional review board approval was obtained. A computer-based search was used to retrieve cases with the natural language containing metastatic RCC to the pancreas by EUS-FNA. The inclusion criteria were patients with EUS-FNA diagnoses of metastatic RCC, and the imaging results and cytology materials were available for review. We included cases from the Cleveland Clinic and Mayo Clinics (Arizona, Florida, and Rochester) between January 2005 and January 2015.
Patients' demographic data, clinical symptoms, and imaging features, including CT, MRI, and EUS were obtained from the electronic medical record. The time between the diagnosis of the primary tumor and the initial pancreatic metastasis, the focality, and the imaging characteristics were collected. Slides of EUS-FNA cytology and surgical pathology were reviewed. The EUS-FNA cytology slides included smears with Papanicolaou and/or Diff-Quick stains (Thermo Fisher Scientific Corp. Kalamazoo, MI, USA), liquid-based cytology (ThinPrep, Hologic Inc., Marlborough, MA, USA), cell block with hematoxylin and eosin stain, and immunochemical stained slides. The results of EUS-FNA, immunochemical stains, and the histologic subtypes of RCC were collated.
RESULTS
EUS-FNA of the pancreas was performed 4655 times among the four institutions during the study period. Thirty-three patients with metastatic RCC to the pancreas were identified. They had a mean age of 67.5 (range, 49-84 years) and there were 12 women and 21 men. Thirty-two of the 33 patients had previously diagnosed RCC. One patient had a concurrent RCC (diagnosed by kidney biopsy) when the pancreatic metastasis was identified on imaging. Thirty-one patients had been treated with nephrectomy. One patient was treated medically after metastatic disease was also documented to the bone and lung. Another patient had prior metastasis to the brain and lung. Four patients had subsequent metastasis to other organs: Liver and lung (2), liver (1), and stomach and thyroid (1).
Besides RCC, 8 patients also had documented history of lung, gastrointestinal, bladder, or prostate carcinomas. Of the 31 patients who underwent nephrectomy, 23 patients had histologically confirmed clear cell RCC and 8 patients had RCC, unclassified. The mean time interval between nephrectomy for primary RCC and the presentation of pancreatic metastases was 6.8 years with a standard deviation of 5.3 years. Demographic, clinical, surgical pathology characteristics of the study population are summarized in Table 1 .
Twenty-seven of the 33 patients were monitored annually by cross-sectional imaging studies including CT and/or MRI. At the time of detection of pancreatic metastases, 22 (66%) had imaging impression of widespread metastatic diseases, while 11 patients (34%) had isolated pancreatic metastases by imaging. Of the 33 patients with pancreatic metastases of RCC, 25 patients (76%) had multiple masses throughout the pancreas and 8 patients (24%) had single mass in the pancreas. Of the isolated pancreatic metastasis of RCC (n = 8), 5 (63%) were in the head, 2 (25%) in the body, and 1 (13%) in the tail. On contrast enhanced CT/MRI, most of the RCC metastases (30/33) were hypervascular and demonstrated intense enhancement on arterial and venous phase images, compared to the normal tissue. On EUS, the pancreatic RCC metastases were typically round, well circumscribed, homogenous, hypoechoic, and hypervascular lesions. http://www.cytojournal.com/content/13/1/24
The CT/MRI and EUS characteristics of the patients are illustrated in Figure 1a -d. In 21 of the 33 patients, CT/ MRI and EUS characteristics of the tumors were felt to be consistent with metastatic RCC. Twelve patients (36%) had overlapping imaging features and the possibility of another primary pancreatic neoplasm, such as PNET was raised [ Table 2 ].
EUS-FNAs were performed on all 33 patients and the diagnosis of "metastatic RCC" was rendered on all cases. Five cases had limited tumor cells. Only cytology smears and liquid-based cytology preparations were available, these 5 cases had typical morphologic features of RCC and the clinical history and imaging results also helped making the final diagnosis. Twenty-eight cases had cytology smears, liquid-based cytology preparations, and cell blocks. All cell blocks had recognizable tumor cells. Thirteen cases with cell blocks had immunocytochemical stains. Among the 28 cases with abundant cellular materials, classical cytomorphology of RCC with large cohesive clusters of epithelial cells with intersecting blood vessels was noted in 23 cases (82%) [ Figure 2a and Table 2 ]. The tumor cells had large nuclei, moderate amount of vacuolated cytoplasm, poorly defined cell borders, and visible nucleoli [ Figure 2b ]. Five cases had cytology findings that are not classic of RCC [ Table 2 ]; two had large clusters of tumor cells without the typical hyper-vasculature, and the tumor cells had abundant eosinophilic cytoplasm [ Figure 3a ]; and two cases had large clusters of tumor cells with moderate amount of dense amphophilic cytoplasm. One case had large pleomorphic tumor cells arranged in tubular or "glandular" pattern. The five cases with limited cellularity had rare groups of tumor cells with vacuolated cytoplasm. The cell blocks were not contributory. Among the 13 cases with immunostains, the most common markers used were Pax8, CD10, epithelial membrane antigen (EMA), synaptophysin, chromogranin, beta-catenin, and pan-cytokeratin. All the metastatic RCCs in our study were positive for the following markers: Pan-cytokeratin, CD10, EMA, and PAX-8 [Figures 2c-e and 3b, c]; they were negative for synaptophysin, chromogranin, and negative for nuclear staining of beta-catenin.
DISCUSSION
In this retrospective analysis of the EUS and cytological features of 33 RCCs metastatic to the pancreas, we find that these tumors are usually well-circumscribed, lobulated, and hypervascular sonographically. Although the majority of these tumors are associated with widespread metastases, solitary metastasis can occur. EUS-FNA is accurate in diagnosing RCC metastatic to the pancreas.
The pancreas is an unusual site for metastasis. [3] The diagnosis of metastases to the pancreas by EUS-FNA has been demonstrated to be beneficial and accurate. [2] RCC was noted to be the most common metastasis to the pancreas. [12] Although EUS-FNA of metastases to the pancreas has been extensively reported in the literature, the cases of EUS-FNA of metastatic RCC are often "lumped" with other metastases to the pancreas [ Table 3 ]. To our knowledge, this is the largest EUS-FNA series of RCC metastasis to the pancreas.
Most of our patients (97%) have documented history of RCC. This clinical history is very useful in accurately diagnosing RCC metastatic to the pancreas. However, the latency period of RCC metastasis to the pancreas is quite long with an average time interval of 6.8 years, and the case with the longest latency period is 14 years. These data are in agreement with several published papers which report long interval between the primary RCC diagnosis and the occurrence of pancreatic metastases. [10, 24, 27] The mode of RCC metastasis to the pancreas is generally accepted as hematogenous, especially if there is an extrapancreatic spread to other organs. [28] However, in cases with just isolated pancreatic metastases, the hematogenous spread would fail to explain the increased frequency of multiple isolated pancreatic metastases in the absence of metastases to other organs. A hypothetical theory is that the RCC cells might have a unique affinity toward the parenchyma of the pancreas where optimal conditions for maturation may exist. This theory may explain why there are cases of late isolated pancreatic metastases. Therefore, metastatic RCC needs to be considered in the differential diagnosis even if the patient had RCC many years ago. [29, 30] The correct diagnosis of RCC rather than primary pancreatic neoplasm is of paramount importance in deciding the course of therapy. [31, 32] CT/MRI is usually used as the initial diagnostic modality. [14, 15] In our study, 27 of the 33 patients are under annually surveillance with CT and/ or MRI. On contrast enhanced CT and MRI, most of the RCC metastases demonstrate intense enhancement on arterial and venous phase images compared to the normal tissue. Tumors smaller than 1.5-2 cm in diameter enhanced homogenously while in the larger lesions rim enhancement was seen, reflecting the hypervascularization of the vital tumor tissue and diminished or absent perfusion of necrotic components as seen in the primary RCC. [13, 14, 32] Pancreatic ductal adenocarcinomas typically appear as uniformly nonenhancing masses on CT and intense enhancement is very uncommon owing to their desmoplastic composition, thus, they can be reliably distinguished. [11, 15] However, nonfunctional pancreatic endocrine tumors (PNETs) can be difficult to differentiate as they share the same morphological and contrast enhancement characteristics as that of RCC. [15, 32] In our study, 12 of the 33 cases were thought to be PNET on CT/MRI. In those cases that CT/MRI cannot make definitive diagnosis, and additional diagnostic modalities, such as EUS-FNA, are needed.
EUS-FNA has been increasingly used recently due to its higher sensitivity in detecting and diagnosing pancreatic lesions, especially small lesions compared to other modalities. [16] On EUS, the pancreatic RCC metastases usually appear as hypoechoic, round, well circumscribed, homogenous lesions. The hypervascular nature of the metastases compared to the normal tissue can be well appreciated using Color Doppler imaging. [18, 19, 33] On the contrary, pancreatic ductal adenocarcinomas which constitute the majority of primary pancreatic malignancies usually have an irregular tumor edges and are hypovascular. [34] However, PNET can share similar EUS morphology with metastatic RCC. [6, 8, 18] Twelve patients in our study have CT/MRI morphologic features that have overlapping features with primary pancreatic neoplasms. Therefore, EUS-FNA has been often used to visualize and directly sample these lesions. [9, 10, 19] Among the 33 EUS-FNA cases in our study, 8 of them have single mass in the pancreas. It has been reported in the literature that up to 48% of pancreatic metastases can be unifocal, therefore, it is challenging to differentiate these tumors by imaging alone. Eight patients have documented malignancies other than RCC in our series; these include lung adenocarcinoma, gastric adenocarcinoma, colorectal adenocarcinoma, high-grade urothelial carcinoma of the bladder, and prostate adenocarcinoma. Among these patients, even though the CT/MRI and EUS are quite typical of pancreatic metastases, sampling the lesions with EUS-FNA enables the correct diagnosis.
Clear cell RCC is the most common subtype of RCC metastasis to the pancreas in our study (74%). The rest of the patients (26%) have RCC, unclassified type. These results are in agreement with previous reports. [12, 30] Adsay et al., reported 2 cases of sarcomatoid RCC and 1 case of papillary RCC spread to the pancreas. [4] We do not encounter these subtypes of RCC in our study. The cytomorphology of metastatic RCC in our study reflects the histologic subtypes of RCC. The FNA biopsy of classic clear cell RCC is typically moderately cellular. The tumor cells occur in clusters, sheets, and often grow along capillaries. Abundant pale and clear cytoplasm is usually observed. Nuclei are often centrally placed, and prominent nucleoli are visible. Few cases have hyaline globules in the cytoplasm. In our study, a definitive diagnosis of RCC is often made with classic cytomorphology given the patient's history of RCC and the imaging features. On the other hand, most of the RCC, unclassified subtype demonstrate overlapping morphologic features with other malignant neoplasms. Two cases in our study show discohesive, single large tumor cells with abundant granular cytoplasm raising the possibilities of PNET, epithelioid angiomyolipoma, hepatocellular carcinoma, etc. Two cases show cytologic features of undifferentiated carcinoma with large pleomorphic tumor cells with dense amphophilic cytoplasm. One case is more reminiscent of high-grade breast carcinoma with tumor cells arranged in tubules. In this case, the tumor cell nuclei are large and pleomorphic and the cytoplasm are scant. Reviewing the patient's previous histology of RCC is essential and very helpful for the correct diagnosis and we can do that in 21 of the 33 cases. Immunochemistry has an important role in differential diagnosis of metastatic RCC to the pancreas. [20, 21, 26, 27] RCC typically coexpress pan-cytokeratin, vimentin, EMA, CD10, and PAX-8. [24, 25] In our study, the most common immunochemical markers used are pan-cytokeratin, EMA, CD10, and PAX-8. These markers along with neuroendocrine markers can be very helpful in distinguishing RCC from primary pancreatic neuroendocrine neoplasm. In our study, the 13 cases with attempted immunostains have unequivocal results supporting the diagnosis of RCC. The treatment of pancreatic metastases of RCC remains controversial owing to their rarity and the complex natural history of RCC, ranging from cases with long disease free-interval to others with early development of widespread metastases. [28] In patients with isolated metastases of pancreas, surgical resection may improve the survival. [35] Surgical treatment is usually not feasible in cases with locally advanced disease. [5] Chemotherapy has been proven to be efficacious for inoperable cases, but may be associated with considerable toxic effects. [12] Recently, molecular targeted therapy with drugs, such as Pazopanib (Novartis Inc., USA) and Sunitinib (Pfizer Corp., USA), have been reported to have more clinical efficacy in patients with advanced RCC. [36, 37] The prognosis of metastatic RCC to the pancreas is in general poor. However, Grassi et al. have shown that the presence of pancreatic metastasis seems to be associated with a longer survival than the presence of metastasis at other sites. [38] Nevertheless, the treatment options are largely dependent upon correct diagnosis of metastatic RCC.
CONCLUSION
We present a large series of metastatic RCC to the pancreas diagnosed by EUS-FNA. EUS evaluation is complementary to cross-sectional imaging, and these tumors can be accurately sampled by EUS-FNA. Cytomorphology of EUS-FNA can be aided with patient's history, imaging analyses, cell block, and immunohistochemical stains.
